Abstract Intratumoral hypoxia, a frequent finding in metastatic cancer, results in the activation of hypoxia-inducible factors (HIFs). HIFs are implicated in many steps of breast cancer metastasis, including metastatic niche formation through increased expression of lysyl oxidase (LOX) and lysyl oxidase-like (LOXL) proteins, enzymes that remodel collagen at the metastatic site and recruit bone marrowderived cells (BMDCs) to the metastatic niche. We investigated the effect of two chemically and mechanistically distinct HIF inhibitors, digoxin and acriflavine, on breast cancer metastatic niche formation. Both drugs blocked the hypoxia-induced expression of LOX and LOXL proteins, collagen cross-linking, CD11b + BMDC recruitment, and lung metastasis in an orthotopic breast cancer model. Patients with HIF-1α-overexpressing breast cancers are at increased risk of metastasis and mortality and our results suggest that such patients may benefit from aggressive therapy that includes a HIF inhibitor.
Introduction
Breast cancer is the most common type of cancer, and the second leading cause of cancer deaths, in women. Metastasis is the major cause of mortality in breast cancer patients. More than 10% of breast cancer patients develop distant metastases within 3 years after first diagnosis and the median survival of these patients is less than 2 years [1] . There are no clinical tests that can unequivocally identify, at the time of diagnosis, women who will develop metastases. Effective targeted therapies are available for women with breast cancers that express the estrogen and progesterone receptors (ER/PR) or have amplification of the HER2 gene. In contrast, triple-negative breast cancers, which lack highlevel ER/PR and HER2 expression, are frequently metastatic, and have a high relapse rate after chemotherapy [2] .
Breast cancer is a heterogeneous disease due to different genetic and epigenetic alterations that occur during the development of malignancy. Breast cancers also develop in heterogeneous microenvironments. The mean PO 2 in breast cancer is 10 mm Hg (∼1.5% O 2 ), as compared to 65 mm Hg in normal breast tissue [3] . Intratumoral PO 2 values of less than 10 mm Hg are associated with increased risk of metastasis and mortality, independent of tumor size, stage, grade, or lymph node status [3] . A fundamental mechanism by which cancer cells adapt to the hypoxic microenvironment is through the activation of hypoxia-inducible factors (HIFs), which are composed of an O 2 -regulated HIF-1α or HIF-2α subunit and a constitutively expressed HIF-1β subunit [4] . Overexpression of HIF-1α or HIF-2α in the diagnostic biopsy is associated with increased metastasis and decreased survival in breast cancer patients, including those without lymph node involvement at the time of diagnosis [4] . Activation of HIFs results in the transcription of many genes that are critical for invasion [5] [6] [7] , metastasis [5, [7] [8] [9] [10] , and resistance to therapy [11] .
HIF-1α has been reported to play a key role in metastatic niche formation [7, 8] , one of the earliest steps of metastasis, in which primary tumors produce factors that prepare the potential metastatic site as a receptive soil for cancer cell seeding [12] . Hypoxic breast cancer cells activate HIFs, which in turn induce the expression of a family of secreted proteins that includes lysyl oxidase (LOX), lysyl oxidaselike 2 (LOXL2), and LOXL4 [5, 7, 8] . LOX and LOXL proteins post-translationally modify collagen molecules in the extracellular matrix (ECM) by oxidizing lysine residues to α-aminoadipic δ-semialdehydes, which then undergo condensation to form cross-linked collagen fibers [13] . LOX, LOXL2, and LOXL4 secreted from hypoxic breast cancer cells in the primary tumor cross-link collagens in the lungs and this cross-linking facilitates the invasion of CD11b + bone marrow-derived cells (BMDCs). The recruitment of BMDCs to the potential metastatic site promotes metastasis in several ways. First, BMDC recruitment is associated with increased expression of chemokines (e.g. SDF-1), which may attract tumor cells that bear the cognate cytokine receptor (e.g. CXCR4) [12] . Second, CD11b + BMDCs may promote the formation of blood vessels in the incipient metastatic lesion, thereby supporting cancer cell survival and proliferation [14] [15] [16] . Third, CD11b + BMDCs may suppress natural killer celldependent immune responses in tumor-bearing animals [17] . Thus, the BMDCs that are recruited to the metastatic niche are a heterogeneous collection of myeloid cells, collectively identified by their expression of CD11b, which create a favorable microenvironment for subsequent lung colonization by metastatic cancer cells [7, 8] .
We recently demonstrated that genetic knockdown of HIF-1α in human breast cancer cells inhibits primary tumor growth and lung metastasis [10] and blocks metastatic niche formation in the lungs of mice bearing primary breast tumors [7] . However, the clinical relevance of these studies is limited because inhibition of HIF-1 activity occurred prior to primary tumor formation, whereas cancer patients are treated with chemotherapy long after establishment of the primary tumor. Digoxin [18] and acriflavine [19] are HIF-1 inhibitors that were identified in cell-based screens of drugs that are FDA-approved or have a history of clinical use. Digoxin inhibits the synthesis of HIF-1α and HIF-2α, whereas acriflavine inhibits the dimerization of HIF-1α or HIF-2α with HIF-1β. Both drugs inhibited the growth of human prostate cancer and hepatocellular carcinoma xenografts [18, 19] . In this study, we specifically investigated whether these drugs inhibit metastatic niche formation in SCID mice following mammary fat pad (MFP) injection of human triple-negative breast cancer cells.
Materials and methods

Cell culture
Human MDA-MB-231 (MDA-231) and MDA-MB-435 (MDA-435) cells were cultured in Dulbecco's modified essential medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin in a 5% CO 2 /95% air incubator at 37°C. Cells exposed to hypoxia were maintained at 1% O 2 /5% CO 2 /balance N 2 at 37°C in a modular incubator chamber (Billups-Rothenberg).
Real-time PCR and immunoblots
RNA extracted by Trizol (Invitrogen) served as template for reverse transcription using a cDNA synthesis kit (BD Biosciences). Quantitative real-time PCR (qPCR) was performed with SYBR Green qPCR Master Mix (Fermentas) and primers as previously described [7] . Proteins extracted from cells lysed in RIPA buffer were resolved by 10% SDS/PAGE. HIF-1α (BD Transduction Laboratory), α-actin (Santa Cruz), LOX (Santa Cruz), LOXL2 (Novus Biologicals), and LOXL4 (Novus Biologicals) antibodies were used for immunoblot assays.
Luciferase reporter assay
Cells were seeded onto 24-well plates and transfected with the HIF-dependent reporter plasmid p2.1 [20] and control reporter pSV-Renilla. Cells were exposed to 20% or 1% O 2 for 24 h. Luciferase activites were determined by DualLuciferase Assay Kit (Promega).
Orthotopic implantation and metastasis assays
All animal experiments were performed according to protocols approved by the Johns Hopkins University Animal Care and Use Committee in accordance with the NIH Guide for the Care and Use of Laboratory Animals. Orthotopic implantation of breast cancer cells into the MFP of SCID mice was performed as previously described [7] . After palpable tumors were formed, mice were administered 2 mg/kg/day of digoxin (obtained from the Johns Hopkins Hospital Pharmacy), 4 mg/kg/day of acriflavine (Sigma), or saline via intraperitoneal injection. Following euthanization, the lungs were perfused with PBS. The left lung was inflated with low melting point agarose for formalin fixation and paraffin embedding for hematoxylin and eosin (H&E) staining and immunohistochemical analysis of tissue sections. The right lung was used for flow cytometry and genomic DNA extraction. Lung tissue preparation for flow cytometry analysis was performed as previously described [7] using PerCP-conjugated CD45 antibody (BD Pharmingen) and APC-conjugated CD11b antibody (eBiosciences). Forward and side scatter, unstained control, CD45 single-stained, and CD11b single-stained cells were included in experiments for gating. Genomic DNA was used for qPCR to quantify human HK2 DNA and mouse 18S rDNA sequences as previously described [7] .
Bone marrow cell invasion assay Bone marrow cells (BMCs) were isolated from the femurs and tibias of mice by flushing with sterile phosphate buffered saline (PBS) and sedimentation through Histopaque (Sigma). Transwell inserts (Corning) were coated with 10 μl of matrigel (BD Biosciences). Conditioned medium (CM) from breast cancer cells cultured under 20% or 1% O 2 for 48 h was incubated with the matrigel-coated insert overnight. Digoxin, acriflavine, or vehicle (DMSO) control was added to the cells before exposure to 20% or 1% O 2 . After CM was removed from the matrigel-coated inserts, 1× 10 6 freshly isolated BMCs resuspended in serum-free DMEM (CellGro) were seeded in the upper chamber and 10% FBS-supplemented DMEM was placed in the lower chamber as chemoattractant. After 20 h, the BMCs that invaded through the membrane were counted using a hemocytometer or Countess automated cell counter (Invitrogen).
Immunohistochemistry
Lung sections were stained with Picrosirius Red (Sigma Aldrich) and analyzed by phase contrast microscopy under polarized light to identify cross-linked collagen fibers. Immunohistochemistry was performed using CD11b antibody (Novus Biologicals) and LSAB+System HRP kit (DAKO) for the detection of CD11b + myeloid cells. The number of CD11b + cell clusters was counted in at least five random fields. Lung sections were stained with H&E and metastases were quantified by determining the area of lung occupied by metastases divided by the total area of lung section that was analyzed. Results were normalized to the saline control.
Statistical analysis
Continuous parametric data were analyzed with Student's t test when two groups of data were involved. Multiple groups of data were analyzed with one-way ANOVA with Bonferroni correction using GraphPad Prism 5 software.
Results
Increased LOXL2 and LOXL4 expression in stroma of invasive breast cancers Previously, we demonstrated that different combinations of LOX, LOXL2, and LOXL4 mRNA were overexpressed in 11 human breast cancers relative to surrounding normal breast median-centered ratio [22] ) in stromal tissues isolated from normal breast (n06) and breast cancer (BrCa; n053) tissue [7] . Increasing evidence reveals that stromal cells such as fibroblasts, mesenchymal stem cells, vascular cells, and inflammatory cells, which are recruited into the primary tumor, facilitate cancer progression and metastasis [21] . We utilized microarray data available in the Oncomine database to analyze LOX/LOXL mRNA expression in human clinical samples of 6 normal breast stromal tissues and stromal tissue isolated from 53 invasive breast cancers [22] . LOX mRNA expression was not significantly increased in cancer, compared to normal, breast stroma (P01.0), but LOXL2 (2.3-fold; P04.6×10 ) mRNAs were significantly overexpressed in the invasive breast cancer stroma ( Fig. 1) . Whereas previous studies have focused on the role of LOX, LOXL2, and LOXL4 in breast cancer cells [5, 7, 8] , these clinical data suggest that intratumoral hypoxia may also induce expression of LOXL2 and LOXL4 in stromal cells of invasive breast cancers, whereas LOX overexpression [5] may be restricted to cancer cells. Digoxin and acriflavine inhibit HIF activity in breast cancer cells
We analyzed two triple-negative, metastatic human breast cancer cell lines: MDA-MB-231 (MDA-231), which was established from metastatic cells collected from pleural fluid [23] , and MDA-MB-435 (MDA-435), the derivation of which was questioned [24] but recent evidence has confirmed its identity as a breast cancer cell line [25] . The cells were transfected with HIF-dependent reporter plasmid p2.1, in which firefly luciferase expression was driven by a hypoxia response element located upstream of a basal SV40 promoter, and control reporter pSV-Renilla, in which Renilla luciferase expression was driven by the SV40 promoter alone. The ratio of p2.1/pSV-Renilla activity, which is a measure of HIF transcriptional activity, was increased approximately 5-fold in MDA-231 cells cultured under hypoxic (1% O 2 ) as compared to non-hypoxic (20% O 2 ) conditions and approximately 2.5-fold in hypoxic MDA-435 cells (Fig. 2a-d) , in the absence of drug treatment. Treatment with digoxin or acriflavine abolished the induction of HIF transcriptional activity in hypoxic MDA-231 and MDA-435 cells (Fig. 2a-d) . Digoxin blocked the induction of HIF-1α protein expression in hypoxic MDA-231 and MDA-435 cells (Fig. 2e) . Acriflavine does not affect HIF-1α protein levels, but instead blocks HIF-1α:HIF-1β dimerization [19] , which is reflected in the inhibition of HIF-1 transcriptional activity (Fig. 2b, d ).
Digoxin and acriflavine block hypoxia-induced LOX/LOXL expression in breast cancer cells Previously, we demonstrated that distinct subsets of LOX family members were overexpressed in biopsies from different primary human breast cancers and that multiple LOX family members were induced by hypoxia and regulated by HIF-1 in different breast cancer cell lines [7] . Specifically, hypoxia induced the expression of LOX and LOXL4 in MDA-231 cells, whereas LOXL2 expression was induced in MDA-435 cells [7] . Both digoxin and acriflavine abrogated hypoxia-induced LOX and LOXL4 mRNA and protein expression in MDA-231 cells (Fig. 3a-c) and inhibited hypoxia-induced LOXL2 mRNA and protein expression in MDA-435 cells (Fig. 3d) . Thus, digoxin and acriflavine each effectively inhibited the hypoxia-induced expression of all LOX family members.
Digoxin and acriflavine inhibit breast cancer-mediated bone marrow cell invasion Hypoxic breast cancer cells produce LOX/LOXL proteins, which remodel collagen in the lungs, leading to the invasion of BMDCs, which is required for metastatic niche formation.
As an ex vivo model, MDA-231 or MDA-435 cells were exposed to 20% or 1% O 2 in the presence of digoxin, acriflavine, or vehicle and the conditioned medium (CM) from these breast cancer cells was incubated with matrigel (tumor-derived ECM), which coated Transwell filters in modified Boyden chambers. Then, freshly isolated mouse BMCs were seeded into the chamber above the matrigelcoated filter (Fig. 4a) . BMCs showed a significant increase in invasive capability when seeded onto matrigel that was treated with CM from hypoxic cells, but this effect was lost when the breast cancer cells that generated the CM were treated with digoxin or acriflavine (Fig. 4b, c) .
Clinical and cell line data suggested that LOXL2 may be the dominant LOX family member expressed in certain breast cancers [7] . β-aminopropionitrile (βAPN) is a small molecule inhibitor of LOX catalytic activity that is reported to be less effective against LOXL2, although this remains controversial [26, 27] . We hypothesized that HIF inhibitors + cell clusters (arrows) were counted in at least five random fields per section and the mean±SD value for cell clusters per field was determined. *P<0.05 and **P<0.01 vs saline, Student's t test (n05 mice) might more effectively suppress BMC invasion because of their inhibitory effect on the expression of all LOX family proteins. We therefore compared the effect of digoxin and βAPN treatment of MDA-435 and MDA-231 cells exposed to 20% or 1% O 2 . βAPN exerted a suppressive effect on hypoxic MDA-231, but not hypoxic MDA-435 cells, in BMC invasion assays (Fig. 4d, e) . This result is consistent with the reported failure of βAPN to inhibit LOXL2 activity [27] , because LOXL2 is the only family member induced by hypoxia in MDA-435 cells. Digoxin, in contrast, exhibited an inhibitory effect on CM from both cell lines (Fig. 4d, e) . To eliminate the possibility that residual inhibitors in the CM might affect the invasion of BMCs directly, fresh medium with or without inhibitors was included as negative controls. The presence of digoxin, acriflavine, or βAPN had no effect on BMC invasion under these conditions (gray bars in Fig. 4b-e) . Media incubated in the absence of cells at 20% vs 1% O 2 did not have a significantly diffferent effect on BMC invasion (Fig. 4f) , indicating that hypoxia does not alter components of blank media.
HIF inhibitors suppress metastatic niche formation
To test the pharmacologic effect of HIF inhibition on metastatic niche formation in vivo, we treated mice bearing MDA-231 tumors in the MFP with 2 mg/kg/day of digoxin by intraperitoneal (IP) injection after palpable tumors had formed. Digoxin inhibited LOX and LOXL4 mRNA expression in the primary tumors (Fig. 5a) . We also analyzed the lungs of tumor-bearing mice with Picrosirius Red, which selectively stains cross-linked collagen fibrils when tissue sections are viewed under polarized light. Digoxin-treated mice demonstrated significantly decreased collagen cross-linking (Fig. 5b) . Next, we analyzed BMDC recruitment to the lungs by flow cytometry (using antibodies against CD11b and CD45) or by CD11b immunohistochemistry. Digoxin significantly suppressed recruitment of CD11b + BMDCs to the lungs of tumor-bearing mice (Fig. 5c, d) .
Mice bearing MDA-435 tumors in the MFP were also treated with digoxin. Digoxin inhibited LOXL2 mRNA expression in the primary tumors (Fig. 6a) and significantly reduced collagen cross-linking and the percentage of CD11b + BMDCs in the lungs of the tumor-bearing mice (Fig. 6b, c) . Most importantly, digoxin reduced the metastasis of breast cancer cells to the lungs (Fig. 6d, e) . We also treated MDA-435 tumor-bearing mice with 4 mg/kg/day of acriflavine by IP injection. Acriflavine reduced LOXL2 mRNA expression in the primary tumors (Fig. 6f) . Similar to digoxin, acriflavine significantly reduced collagen cross-linking (Fig. 6g) , CD11b + BMDC recruitment (Fig. 6h) , and metastasis formation (Fig. 6i, j) in the lungs.
BMCs stimulate breast cancer cell migration and invasion
In order to study the mechanisms by which BMDCs facilitate breast cancer metastasis, we investigated whether they remodel the metastatic environment to make it more susceptible to cancer cell invasion. We coated the membrane of a transwell insert with matrigel, which was incubated with BMCs or medium only in the upper chamber for 16 h. Then, the BMCs were removed and naïve MDA-231 cells were seeded into the upper chamber. Increased breast cancer cell invasion through BMC-treated matrigel was observed (Fig. 7a) . We next investigated whether the migration and invasion of MDA-231 cells could be stimulated by diffusible factors secreted by BMCs located in the lower chamber. BMCs significantly increased breast cancer cell migration through an uncoated transwell membrane (Fig. 7b) and also increased cell invasion through a matrigel-coated membrane (Fig. 7c) . These results suggest that BMCs may facilitate cancer cell invasion of the metastatic niche by remodeling ECM and by acting as a source of chemoattractants, but additional studies are required to test these hypotheses in greater detail.
HIF inhibitors suppress breast cancer cell invasion of ECM Treatment of tumor-bearing mice with digoxin or acriflavine resulted in a significant reduction in BMDC recruitment, but lung metastasis was even more drastically reduced. These observations suggested that HIF plays other roles in addition to stimulating metastatic niche formation in the lungs. We hypothesized that HIF-induced expression of LOX/LOXL Fig. 6 Treatment with digoxin or acriflavine blocks metastatic niche formation and breast cancer metastasis in the lungs in MDA-435 tumor-bearing mice. a-e SCID mice received MFP injection of MDA-435 cells followed by IP injection of saline or digoxin (2 mg/ kg/day), starting 8 days after implantation. Forty-two days after MFP injection, lungs and primary tumors were harvested. a LOXL2 mRNA levels in the primary tumors were determined by RT-qPCR. Values were normalized to saline control (mean±SD; n05). b Picrosirius Red staining under polarized light (scale bar0100 μm). c Flow cytometry analysis of CD11b + CD45 + cells (% of total cell population analyzed), and d lung metastases (% of total lung area, H&E staining, scale bar0 1 mm) are shown. e Metastatic burden was determined by isolation of lung DNA and qPCR using human-specific HK2 gene primers and mouse 18S rDNA primers; the ratio was normalized to the result obtained from saline control (mean±SD; n05). f-j NOD-SCID mice received MFP injection of MDA-435 cells followed by IP injection of saline or acriflavine (4 mg/kg/day) starting 8 days after orthotopic implantation. Lungs and tumors were harvested 45 days after implantation. f LOXL2 mRNA expression in primary tumors was determined by RT-qPCR and normalized to saline control. Cross-linking of collagen was visualized with Picrosirius Red staining under polarized light (g; scale bar0100 μm). (as well as other collagen-modifying enzymes) also leads to remodeling of the primary tumor microenvironment, which facilitates invasion of breast cancer cells through ECM to the vascular endothelium. To test this hypothesis, we treated matrigel with CM that was generated by MDA-231 cells cultured in 20% or 1% O 2 . Next, we seeded naïve MDA-231 cells into the upper transwell chamber and allowed them to invade. We observed significantly increased breast cancer cell invasion through matrigel that was treated with CM from hypoxic cells as compared to non-hypoxic cells (Fig. 8a ). This effect of hypoxia was abolished when the MDA-231 cells that were the source of the CM were treated with digoxin or acriflavine (Fig. 8a) . Similar results were obtained when these experiments were performed with MDA-435 cells (Fig. 8b) . These results suggest that digoxin and acriflavine may inhibit breast cancer cell invasion through ECM of the primary tumor as well as inhibiting metastatic niche formation in the lungs.
Discussion
HIFs confer metastatic capabilities on hypoxic cancer cells. The critical role of HIF-1 in breast cancer metastasis to the lungs has been demonstrated by genetic knockout or knockdown of HIF-1 in autochthonous [9] and orthotopic [10] mouse models, respectively. Previously, we demonstrated by genetic approaches that the HIF-1 → LOX/LOXL pathway is crucial for breast cancer metastatic niche formation [7] . Knockdown of LOX or LOXL4 in MDA-231 cells and knockdown of LOXL2 in MDA-435 cells suppressed collagen cross-linking, BMDC recruitment, and breast cancer metastasis [7] . Here, we show that two pharmacologic HIF-1 inhibitors, digoxin and acriflavine, are capable of blocking this early step of breast cancer metastasis. Although metastasis is commonly considered a late stage in cancer progression, recent data from our lab and others has demonstrated that the HIF-dependent process of metastatic niche formation is initiated within days after MFP injection of human breast cancer cells [7, 8] . These results may explain why HIF-1α expression correlates with patient mortality even in early-stage, lymph node-negative breast cancers [28] and are consistent with immunohistochemical data indicating that increased HIF-1α levels in the diagnostic breast cancer biopsy may identify women at increased risk of metastasis [29] . Our data also suggest that patients with . The number of migrated or invaded cells was counted in a blinded fashion in at least three random fields, the data were normalized to the results obtained from medium without BMCs, and mean±SEM (n03) are shown (bar graph at right). *P<0.05, **P<0.01, and ***P<0.001 vs medium without BMCs, Student's t test HIF-1α-overexpressing breast cancers may benefit from inclusion of a HIF inhibitor in their therapeutic regimen. A clinical trial utilizing topotecan to inhibit HIF-1α expression was recently reported [30] . Although the present study has focused on the role of HIFs in metastatic niche formation, the involvement of HIFs in other steps of metastasis has been demonstrated in previous studies. First, HIF activity enhances epithelial-mesenchymal transition (EMT), a step in which adherens junctions between cancer cells are lost due to decreased E-cadherin expression [31] . HIFs promote EMT via induction of repressors of E-cadherin gene transcription including TCF3 [32] , ZEB1/2 [32] , SNAIL [33] , and TWIST1 [34] . Second, HIFs enhance cancer cell migration and invasion through activation of c-Met expression [35] . Third, HIFs enhance basement membrane disruption through induction of matrix metalloproteinase 2 (MMP2) [36] , membrane type-1 MMP [37] , and the urokinase-type plasminogen activator receptor [36] , which facilitate local invasion of cancer cells. Fourth, HIF-dependent expression of L1CAM promotes binding of circulating tumor cells to vascular endothelial cells, thereby promoting extravasation [10] . Fifth, HIFs induce expression of MMP1 [38] , MMP2 [38] , vascular endothelial growth factor (VEGF) [39] , and angiopoietin-like 4 [10] , which enhance vessel permeability, thereby facilitating intravasation or extravasation. Sixth, HIFs promote metastatic growth through VEGF-dependent angiogenesis [40] . Finally, data from this study and others [5, 26, [41] [42] [43] indicate that LOX/LOXL expression promotes cancer cell invasion in the primary tumor. Thus, digoxin and acriflavine are likely to target multiple steps in breast cancer invasion and metastasis, which is consistent with the dramatic inhibitory effect of these drugs on lung metastasis.
The human cell lines utilized in this study, MDA-231 and MDA-435, are derived from triple-negative breast cancers, which are highly aggressive with frequent metastasis and have a high recurrence rate after neoadjuvant chemotherapy [2] . The effect of HIF inhibitors as single agents was examined in this study and potential combinatorial effects with other anti-cancer drugs require further investigation. Anthracyclines such as doxorubicin are administered as adjuvant therapy and first-line therapy for metastatic breast cancer [44] . Preliminary studies have indicated that combining low dose digoxin (1 mg/kg/day) with low-dose doxorubicin (2 mg/kg/week) resulted in significantly increased inhibition of MDA-231 tumor xenograft growth compared to either drug alone [10] .
Digoxin has been used as treatment for congestive heart failure and atrial fibrillation for decades [45] and, prior to the development of antibiotics, acriflavine was administered as an anti-bacterial agent for periods of up to 5 months [46] . Thus, both digoxin and acriflavine are suitable candidates for clinical trials for breast cancer, especially in those patients whose primary tumors express high levels of HIF-1α. 
